Cerium oxide (CeO 2 ) nanoparticles were successfully synthesized by the hydrothermal method with different reaction times. The synthesized CeO 2 nanoparticles were characterized by Powder X-Ray diffraction (XRD), Scanning Electron Microscopy (SEM), UV-Vis spectroscopy and FTIR spectroscopy. The effects of the reaction time on the structure and morphology of the prepared samples were investigated using XRD and SEM. The XRD studies reveal that the ceria nanoparticles have face-centered cubic structure. The SEM images reveal that the prepared Ceria nanoparticles are an aggregated form of spherical nanoparticles and the particle size decreases with increasing reaction time. FTIR analysis confirms the presence of CeO 2 in the prepared samples. UV-Vis spectral studies show that the UV cut off wavelength decreases and the optical band gap increases with increased reaction time. Photoluminescence (PL) studies indicate that the PL emission of both the samples occurs at 683 nm, however, the emission intensity increases with longer reaction times.
Introduction
Cerium oxide (CeO 2 ) is a refractory material possessing cubic fluorite crystal structure [1, 2] . It is one of the most reactive rare earth metal oxides due to its oxygen storage capacity (OSC), oxygen deficiency, and electronic conductivity. It has promising applications in fuel cells, oxygen sensors and mechanical polishing. It also has utility as an ultraviolet blocking agent, luminescent material and photocatalyst. Ceria nanoparticles can be prepared by methods such as hydrothermal [3] , reverse micelles, micro-emulsion [4] , homogeneous precipitation [5] etc. The main objective of this research paper is studying the effect of reaction time on the structural and optical properties of nanostructured cerium oxide prepared by the hydrothermal method.
Experimental

Synthesis
All the reagents used in the synthesis process were of analytical grade purity and used without any further purification. In the synthesis process, 0.274 g of ammonium ceric nitrate ((NH 4 ) 2 Ce(NO 3 ) 6 ) was dissolved in 5 ml distilled water and 0.499 g of Sodium hydroxide (NaOH) was dissolved in 25 ml distilled water. These two solutions were mixed and the mixture was stirred for 30 min. To the resultant precursor solution obtained, 0.1808 g of urea (CO(NH 2 ) 2 ) dissolved in 10 ml of distilled water, was added. The solution was transferred to a Teflon-lined autoclave which was maintained at 200
• C for 24 hours. The autoclave was allowed to cool down naturally and to reach the room temperature. The final product was collected from the autoclave and washed several times with distilled water and ethanol. The product was dried at 80
• C for 6 hours. The dried sample was calcined at 400
• C for 2 hrs.
Characterizations
The XRD measurements were carried out using Rigaku X-ray diffractometer with CuKα (λ = 1.54187Å) radiation in the range of 10 -80
• at room temperature. The surface morphology of the particles was studied by scanning electron microscope.The optical transmittances of the samples were studied by Varian Cary 50 UV-Visible spectrophotometer in the range 200 -800 nm. The FTIR spectra were recorded in the range of 400 -4000 cm −1 by PERKIN ELMER SPECTRUM II FTIR spectrometer. The photoluminescence spectra were obtained by PERKIN ELEMER LS45 fluorescence spectrophotometer using excitation wavelength of 343 nm.
Results and discussions
XRD analysis
The powder XRD patterns of CeO 2 nanoparticles prepared with different reaction times are shown in Fig. 1 . The peaks are indexed using JCPDS card #34-0394. Both 12 hour and 24 hour CeO 2 samples have Face Centered Cubic structure with lattice parameters a = b = c = 5.411Å and α = β = γ = 90
• . The diffraction peaks found at 28.27, 33.09, 47.34, 53.36, 69.26 and 76.75
• showed a broadening effect, which suggests the formation of nanosized CeO 2 . The absence of impurities indicates that pure CeO 2 is synthesized by the hydrothermal method. The average crystallite sizes (D) of the CeO 2 nanoparticles prepared with different reaction times, were calculated using the Debye-Scherrer equation:
where λ is the wavelength of the CuKα radiation, D is the crystallite size, K is a constant and its value is taken as 0.9, θ is the diffraction angle and β is the full-width half maximum (FWHM). The average crystallite size decreased slightly from 3.9 nm to 3.6 nm as the reaction time increased from 12 to 24 hours. The decrease of crystallite size with increasing reaction time was also confirmed from SEM images.
FIG. 1. XRD spectra of the CeO 2 nanoparticles prepared at (a) 24 hours and (b) 12 hours
FTIR spectra
The FTIR spectra of CeO 2 nanoparticles prepared by hydrothermal method with different reaction times are shown in Fig. 2 . The band below 700 cm −1 is due to the Ce-O stretching vibrations [6] [7] [8] .
UV-Visible spectra
The optical properties of synthesized CeO 2 were examined by UV-Visible spectrophotometer and the results are depicted in Fig. 3 . The UV cutoff wavelength of the 12 hour sample was 349 nm, while the UV cutoff wavelength of the 24 hour sample was 343 nm. Additionally, the UV-Visible spectra showed no other peak related with impurities and structural defects, which confirmed that the synthesized nanoparticles are pure CeO 2 . The band gap energy of 12 hour sample was 3.54 eV, whereas the band gap energy for the 24 hour sample was found to be 3.67 eV. As the reaction time increased, the band gap energy increased while the crystallite size decreased. 
Scanning electron microscopy
The SEM images of the CeO 2 nanoparticles prepared by hydrothermal method with different reaction times are shown in Fig. 4 . The CeO 2 nanoparticles prepared with 12 hours reaction time had sphere-like structure with an average particle size of 78 nm. The CeO 2 nanoparticles prepared with 24 hours reaction time also had sphere-like structure with an average particle size of 63 nm. Hence, it may be said that the change in the reaction time does not lead to any change in the shape of the CeO 2 nanoparticles, however, the change in the reaction time definitely had an effect on the particle size. The particle size decreased with additional reaction time.
Photoluminescence studies
The PL spectra of the CeO 2 nanoparticles prepared with different reaction time are shown in Fig. 5 . The samples were excited by 343 nm wavelength, and the emission wavelength of these samples was obtained at approximately 683 nm. This emission peak corresponds to red-light. The emission intensity increased from 110.8 a.u to 132.6 a.u with longer reaction times.
Conclusions
CeO 2 nanoparticles were successfully synthesized by hydrothermal method and were analyzed by XRD, FTIR, SEM, UV-Visible spectroscopy and photoluminescence measurements. The studies indicate that the reaction time has an effect on the particle size and hence on the optical properties of CeO 2 nanoparticles. The CeO 2 nanoparticles prepared at 24 hours exhibited smaller particle size. The XRD studies revealed that they have face centered cubic structure and have the average grain size of 3.6 nm. From the SEM studies, the average particle size of CeO 2 nanoparticles prepared at 24 hours was found to be 63 nm. The UV-visible spectroscopic studies and PL studies reveal that the CeO 2 nanoparticles prepared at 24 hours have a lower UV cut off wavelength, wider optical transmission range and higher PL emission intensity; i.e. it has better optical properties.
